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SUMMARY 
Currently the principle focus in marine conservation planning is on the conservation of marine 
biodiversity through the establishment of no-take marine reserves. No-take marine reserves provide 
permanent closed areas to all forms of fishing and extractive activities. These reserves represent a 
precautionary ecosystem-based approach to the management of our marine and coastal resources. Whilst 
there is a growing body of theoretical information supporting the role of no-take marine reserves in 
conserving both marine biodiversity and fisheries resources, very few studies, particularly within inshore 
and coastal environments, have examined their role empirically. This study aims to empirically assess the 
effectiveness of two existing no-take marine reserves in subtropical Australia. 
By permanently closing areas to fishing, no-take marine reserves simultaneously protect target 
species, their habitats, and the ecological processes that underpin fish production. However due to the 
rarity of no-take marine reserves worldwide, scientists and fisheries managers have limited experience 
with them and are still unsure of the benefits and costs for fisheries management. This study uses several 
simple and cost-effective methods to assess the effectiveness of two existing no-take marine reserves 
within subtropical Australia. The methods, science and preliminary results of this study will be discussed 
within this paper.  
1. INTRODUCTION 
Despite good intentions, existing efforts to manage and protect our marine resources are frequently 
inadequate (1). Restricting fishing in nursery and spawning grounds, implementing seasonal closures and 
imposing gear restrictions has long been a part of fishery management practices (2). However, many 
recent studies have concluded that there is a need for alternative measures to protect and enhance our 
fishery resources. One recommendation is the establishment of permanent no-take marine reserves in 
which all living resources are protected from fishing, by simultaneously protecting target species, their 
habitats, and the ecological processes that underpin fish production (3,4,5,6,7,8). However, there has been 
little evaluation of whether the objectives of no-take marine reserves have achieved the aims for which 
they were set up (9). 
It has been demonstrated that exploited species are more abundant and of a larger size within 
protected areas than outside them (10,11,12). There is also good evidence, both empirical and theoretical, 
that no-take marine reserves can protect exploited populations and can supplement fisheries through the 
spillover of adults and juveniles into fishing grounds, which in turn provides a source of recruits to areas 
outside the declared reserves. No-take marine reserves can also prevent habitat damage, maintain 
biodiversity and facilitate ecosystem recovery after major human or natural disturbances (see reviews by 
13,5,14,15,7,16). While the potential benefits of no-take marine reserves for both fisheries and 
conservation are clear, the magnitude and type of benefit are not known in detail for most systems (17).  
No-take marine reserves represent a precautionary ecosystem-based approach to the management of 
our marine and coastal resources. There is an urgent need therefore, to investigate how no-take marine 
reserves contribute to the sustainable management of our marine resources. Unfortunately there are no 
‘off-the-shelf’ methods available to scientists or managers and current techniques evaluating the 
performance of no-take marine reserves need to be more scientifically robust. This study is a first step 
towards determining the benefits of small marine reserves in subtropical Australia. This paper focuses on 
the methods used to determine these possible benefits. Our approach is to assume that the reserve is the 
treatment and the control is subjected to the background effects of fishing. This allows us to trial our 
methods within a system that is currently lacking in reserve information. 
2. METHODS 
Due to the descriptive nature of this paper the methodologies developed within this study will be 
discussed in some detail, beginning with the scientific justification behind the methods, followed by a 
description of the methods actually used within this study.  
2.1 Reserve Sites 
The Moreton Bay Marine Park is a semi-enclosed subtropical bay covering an area of approximately 
3400km2. The Marine Park itself is more than 35km wide in the north, tapering to less than 5km wide at 
the southern extremity (18). The two no-take marine reserves surveyed within this study are dominated by 
extensive mud flats, vast seagrass beds (Zostera capricorni, Halophila ovalis and Caulerpa taxifolia) and 
fringed by various mangrove species (Bruguiera gymnorhiza and Lumnitzera racemosa).  
Data were collected from two existing no-take marine reserves within the Moreton Bay Marine Park 
during summer (January – February) and winter (July – August) of 2002. The Willes Island and Tripcony 
Bight reserves were established in 1997 and are relatively small reserves, being 1.9km2 and 5.7km2 
respectively (Fig. 1). For each reserve site two comparable unprotected (‘control’) sites were chosen and 
surveyed.  
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Figure 1. Map of Australia with insert of the Moreton Bay Marine Park. Insert: showing distribution of 
study sites within the Moreton Bay Marine Park. TB0 and WI0 are study sites in Tripcony Bight and 
Willes Island reserves. TB1 and TB2 are non-reserve control sites for TB0 and WI1 and WI2 are non-
reserve control sites for WI0. 
3. SITE SELECTION 
3.1 Justification 
A limiting problem hindering studies on the effectiveness of no-take marine reserves is that of finding 
suitable non-reserve (control) areas for comparison of parameters. Any differences present between 
reserve and non-reserve areas could be attributed to intrinsic differences rather than protection from 
fishing (19,20). To overcome the differences in temporal, spatial and biophysical variation within and 
between protected and unprotected areas computer-aided GIS analysis can be used. A number of 
biophysical data sets (eg. habitat type, flow rates, hydrodynamics) are required to carry out this site 
selection process (21). 
3.2 Methods 
Arcview software (version 8.1) was used to overlay the following parameters to choose comparable 
unprotected sites: habitat type and coverage, flow rates, hydrodynamics, bathymetry, nutrient inputs, 
water quality, sediment types, fish nursery areas and fishing boundaries. Results of the GIS analysis and 
ground-truthing (physical surveys of potential sites) resulted in two unprotected ‘control’ sites being 
chosen for each protected site. Multiple unprotected sites were chosen to increase comparisons within 
sites for differences associated with spatio-temporal variability. The unprotected sites were located 
outside the no-take marine reserves, one site in close proximity to the reserve boundary (< 1km) and the 
second site at least 5km (north or south) from the reserve.  
4. FIELD SAMPLING 
4.1 Justification 
Sampling within fully protected reserves needs to be non-destructive and at the same time maximize the 
amount of data collected over a range of species (22). The most non-obtrusive and efficient way to sample 
the overall biodiversity and fisheries within the inshore environments in this study was to use a large 
seine net, set numerous crab pots and line fish (common fishing methods of trawling and gill netting were 
discarded due to their obtrusive nature).  
Using a standardized and well-replicated sampling design the seine net has the potential to estimate 
the abundance, size structure, biomass and density of the aquatic communities within the protected and 
unprotected sites. Seine netting was therefore found to be the best method to sample a wide range of 
species over a large area in shallow water. To assess the population structure of crab species within the 
study sites catch release sampling (using crab pots) was used. Rod and line fishing was used as an 
additional non-destructive method of catching larger, more mobile, fished species which in turn can 
measure fishing effort within the study sites, using CPUE (catch-per-unit-effort) as an indicator. 
4.2 Methods 
4.2.1 Seine netting 
Within this study a 50m seine net (3m drop and 12mm mesh with 10mm codend) was used to survey the 
study sites. Surveys of the reserves and corresponding unprotected sites were made during summer and 
winter. During a seven-day period each reserve and two unprotected sites were surveyed for two days 
each. All sampling was carried out during daylight hours on the same tidal phase. Neap tides were chosen 
for sampling the sites within the first quarter of the moon phase. Sampling of the inshore habitats of 
seagrass and mudflats began two to three hours prior to low tide and continued until the turn of the tide 
allowing optimal conditions for using the seine net. The area sampled by each haul of the net was 
approximately 625m2. Replicate hauls were made within each study site and were at least 100m apart. In 
order to minimize the effects of the netting on the aquatic fauna all fish and invertebrates were held in 100 
litre aerated holding-tanks where they were identified to species, measured (cmTL) and released. 
4.2.2 Crab pots 
Two species of crabs dominate the mud and sand flats of the Moreton Bay Marine Park, sand crabs 
(Portunus pelagicus) and mud crabs (Scylla serrata). Each day between 1200 – 1600 hours eleven crab 
pots were baited with mullet (preferred bait for both species) and set randomly within the study sites at 
depths ranging between 2 – 5m. The pots were checked 24 hours after setting and all crabs captured were 
identified to species, measured (cmCL), sexed, tagged (mud crabs only) and released. Pots were then re-
baited and moved allowing pots to ‘fish’ for 48 hours in each study site throughout the seven-day 
sampling period.  
4.2.3 Line fishing 
Fishing was carried out within each study site for one hour per day for two consecutive days. The fishing 
was carried out on the same tidal phase each day and the time of day, location and depth were kept 
constant between sites. All fish captured were identified to species, measured (cmTL), tagged and 
released. 
5. TAG-RECAPTURE 
5.1 Justification 
It has been well documented that the effectiveness of marine reserves can be greatly increased if we know 
the movement patterns of the species targeted for protection (23,13,24,7). The extent of the benefits of 
marine reserves is partly determined by the degree to which adult populations are protected, and therefore 
depends on the scale of adult movement relative to size of the reserve (25). Tagging studies have been 
used in several studies investigating marine protected area dynamics and function (23,26,25,27). 
Assessing economically important fisheries species is important to determine whether the existing 
no-take marine reserves are effective in conserving fish stocks from harvest. Information on the life 
history patterns and home ranges of targeted species is critical to the assessment of existing reserves and 
the design of future no-take marine reserves (28). To document the movements of the economically 
important species within the Moreton Bay Marine Park selected fish and crab species were tagged at all 
sites, with extra effort in the reserve sites.  
This is the first study within Australia to tag and document the movement of mud crabs (Scylla 
serrata) within no-take marine reserves. Mud crabs are a highly aggressive portunid species with strong 
cannibalistic tendencies (29,30). They are a fast growing species and adult crabs spend most of their lives 
within protected inshore and estuarine areas (29). Species most likely to show dramatic responses to 
protection will have limited movements and age and size distributions that have been lowered by fishing 
pressure (13). The limited mobility exhibited by adult mud crabs provides us with an ideal indicator to 
assess the effectiveness of our existing marine reserves. 
5.2 Methods 
5.2.1 Fish species 
Fish tagged within this study included dusky flathead (Platycephalus fuscus), yellowfin bream 
(Acanthopagrus australis) and summer whiting (Sillago ciliata). These species are important to both 
recreational and commercial fisheries in Moreton Bay (31,32). Fish captured were tagged with 30mm T-
bar anchor tags (Hallprint, Australia) immediately below the dorsal fin. Total length (cmTL), location, 
method of capture, tag number and tagging date were recorded for each tagged fish. Tags were imprinted 
with a freecall phone number.  
5.2.2 Crab species 
Mud crabs are one of the most targeted economic species within the Moreton Bay Marine Park 
(31,32,33). Mud crabs (>10 cmCL) caught in crab pots were identified, measured (cmCL), sexed and 
tagged. Plastic T-bar anchor tags were used to mark the crabs (Hallprint, Australia) which were imprinted 
with a freecall phone number.  
6. HABITAT CHARACTERISTICS 
6.1 Justification 
A variety of factors can influence the habitat preference of different inshore species (particularly fisheries 
species) including depth, substrate type and coverage of submergent vegetation. Collecting basic habitat 
data provides a useful approach for reducing unexplained variance in the biodiversity and fisheries 
estimates and also gives us insight into what other factors, besides fishing, affects fisheries abundance and 
size structure (34,20,26,35). Collection of biophysical data and visual surveys of the shallow coastal 
habitats were therefore carried out within this study.  
6.2 Methods 
Aquatic conditions and habitat variables were recorded at the site of each seine net haul to control for 
habitat correlates of fish distribution (20). After each haul, salinity, temperature and depth measurements 
were taken and measurements of the benthic vegetation and substrate were estimated. Line transects are 
the most efficient visual survey method to estimate submergent-habitats and our methods have been 
adapted from English et al., (1997) (36). After each haul of the seine net a 25m tape was set perpendicular 
to the shore. Coverage of submergent vegetation and substrate were assessed by placing a 0.25m2 quadrat 
at every 5m interval along the transect line. Percentage cover was determined by counting the number of 
times each species/substrate type occurred directly under the 50 positions on the quadrat.  
7. RESERVE INDICATORS 
7.1 Justification 
Due to the lack of baseline data for many existing no-take marine reserves, as is the case within this 
study, any differences detected within this study could be attributed to the natural variability affecting the 
reserves rather than from the cessation of fishing. Therefore, it needs to be proven that the differences 
detected are a consequence of protection and not merely coincidental (37). By using a range of indicators 
we can test the prediction that within the no-take marine reserves attributes of biodiversity (particularly 
fished species) will be more abundant and be of a larger size compared to those fished species in areas 
outside where fishing is still permitted.  
The greatest difference between no-take marine reserves and ecologically-similar fished areas have 
tended to be in those species most targeted by fishers. As a result greater abundance of large individuals 
of target species seem to be particularly good indicators of reserve effects (37). Harmelin et al., (1995) 
(21) found that the strongest evidence of the ‘reserve effect’ was provided by occurrence frequency, 
abundance and individual size of the target species.  
7.2 Methods 
Within this study the species diversity, abundance, average size, length-frequency and biomass of fished 
species (and overall biodiversity) will be the measurements used to indicate the ‘reserve effect’. Weight 
of individuals could not be measured as the total catch was released, therefore biomass was calculated 
using the following equation supplemented with data from FishBase (38) (39,40,41). Equation for each 
species fitted to the power curve: 
  W = qLb where W = weight, L = length, q,b = constants 
Due to the cubic relationship between a volumetric and a linear measurement the value of b is usually 3, 
any departure from this figure is a reflection of the form and shape of the fish. If fish span a reasonably 
wide size range then the above equation should be reliable (39). 
8. DATA ANALYSIS 
8.1 Justification 
Statistical analyses of the data derived from this experimental design will be large and varied and 
describing the analyses necessary is beyond the scope of this paper. Within the present study data analysis 
is currently being undertaken on the biodiversity and fisheries data collected from the reserves and 
unprotected study sites within the Moreton Bay Marine Park. To assess the effectiveness of the existing 
no-take marine reserves the following factors are being analyzed: biotic similarity within and between 
study sites, species diversity, fisheries assemblages (abundance, average size, size-frequency, biomass), 
line fishing (CPUE), trophic interactions, predator/prey interactions and tag-recapture. 
9. SUMMARY AND RECOMMENDATIONS 
There is an urgent need for more rigorous experimental designs to assess the performance of our existing 
no-take marine reserves. Measuring the effects of no-take marine reserves will help us to clarify the 
benefits these tools have for the conservation of our marine biodiversity and fisheries stocks. Future 
studies should attempt to use sampling designs that are well replicated, use baseline information and use 
appropriate non-reserve (control) sites to offer comparative results with reserves (see 19,13,11,2). 
Although no pre-treatment (baseline) data was available in this study the science used to design the 
experimental program provides a rigorous and cost-effective technique to measure the effectiveness of 
no-take marine reserves.  
Over 20 000 fish and invertebrates have been measured and released from two existing no-take 
marine reserves in subtropical Australia. Preliminary results collected over 12 months research during 
summer and winter in 2002 indicate that a number of fisheries species are responding to the reserve 
treatment. In particular, mud crabs (Scylla serrata) are higher in abundance and larger in average size 
within the no-take marine reserves compared to outside. This pattern is consistent for several other 
fisheries species found within the Marine Park. Although the methods described throughout this paper 
have been developed and assessed within subtropical inshore and coastal environments the experimental 
design and scientific approach can be broadly applied to no-take marine reserves worldwide.  
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